Context. Colors are usually not used for constraining stellar populations because they are thought to have the well-known agemetallicity degeneracy. But some recent works show that colors can also be used. The simple stellar population (SSP) synthesis model of Bruzual & Charlot (2003) (BC03) is widely used but there is no analysis for its colors. Aims. We try to find colors which can potentially be used to determine the age and metallicity of stellar populations by the standard model of BC03. Methods. Principal component analysis (PCA) and relative sensitive parameter techniques are used in this work.
Introduction
Determination of ages and metallicities of various stellar populations has long been a very important subject in astronomy and astrophysics, because it can help us to understand not only galaxies but also cosmology. Many such works are done via the popular technique called stellar population synthesis. Many simple stellar population (SSP) synthesis models, e.g. Vazdekis (1999) ; Worthey (1994) ; Bruzual & Charlot et al. (2003) (BC03) and Zhang et al. (2006) , are used widely and have shown us many new results.
To study properties of stellar populations, most people choose to use spectra-like methods, e.g. absorption line indices, to determine age and metallicity as they have the ability to break the well-known age-metallicity degeneracy. But, in fact, we all hope to use colors for such work, because they are easier to get than spectra and are independent of the distances of objects. A lot of work has been done in this way and recent such works are given by e.g. Dorman et al. (2003) and James et al. (2006) . The uncertainties of using synthetic integrated colors of SSPs to determine stellar ages are investigated by Yi (2003) .
However, different stellar population synthesis models and colors are usually used by different authors and it seems difficult to do future work using the same method because other people do not have the same models. Therefore, it is valuable to study some widely used stellar population synthesis models. In this Send offprint requests to: Zhongmu Li paper, we intend to analyze the BC03 standard model, with the aim of finding some colors which have the potential to break the degeneracy between stellar age and metallicity.
The organization of the paper is as follows. In Sect. 2, we briefly introduce the BC03 model and techniques used in this paper. In Sect. 3, we analyze U BVRI JHK and ugriz colors of BC03 standard model. Finally, we give our conclusions in Sect. 4.
BC03 model and techniques
The stellar population synthesis model of Bruzual & Charlot (2003) is a widely used model in stellar population synthesis. Its standard model takes the Chabrier (2003) initial mass function (IMF) and uses Padova 1994 library tracks to calculate integrated colors. The model supplies us with both U BVRI JHKkind and ugriz colors and are compared to observations from the Sloan Digital Sky Survey (SDSS) and Galactic clusters. Thus it is convenient to use the model for estimating stellar populations via colors.
In order to search for colors, which are important to determine ages and metallicities of populations, we utilize two methods, i.e. principal component analysis (PCA) and relative metallicity sensitivity (RMS) techniques. PCA is a powerful technique for unveiling the correlation between variables in a data set and for determining the intrinsic dimensionality of a parameter space (Connolly & Szalay 1999) . It can help us to reduce the dimen-sion of variables and give the important variables in the initial data set. Therefore it can be used to find indices which have the potential to study properties of stellar populations (see Kong & Cheng 2003 in more detail). The algorithm works by building more compact and optimal linear combinations of data with respect to the mean square error criterion and calculating a new base with the minimum set of orthogonal axes, which are called principal components (PCs), and can describe the variance of the data on the whole. The most important PC is called the first principal component (PC1) and can usually express the main information of the original data. Thus the importance of each input variable for expressing the main information of the source data (now represented by PC1) can be estimated via the weights assigned to them, i.e. their correlations with PC1. In this work, we intend to find colors important to stellar age or metallicity via PCA. The results can, possibly, guide us to choose important colors to determine populations by multi-color methods and may also show us some colors that markedly important to stellar age or metallicity, as with the spectral indices of Kong & Cheng (2003) .
As we will show, PCA of colors fails to show colors that are markedly important to stellar age or metallicity, we investigate the relative age-and metallicity-sensitivities of colors via the RMS technique, which can quantify how a color is sensitive to age and metallicity of SSPs. One can refer to Worthey (1994) , in which RMSs for some colors and absorption line indices are quantified.
PCA results and metallicity-sensitivities of colors

Main results
In order to find colors important to stellar age, we analyze the colors of SSPs with the same metallicity and check their correlations to PC1, as PC1 express more than 94% of the information from the original data. Because the differences in colors result purely from stellar age and are expressed mainly by PC1, colors which correlate strongly to PC1 will be important to stellar age. A similar method is also used to look for colors important to stellar metallicity. Because U BVRI JHK and ugriz colors can usually be derived from many sources (e.g. Sloan Digital Sky Survey (SDSS) and Two-Micron All-Sky Survey (2MASS)) and seem to be more available than others, we analyze them in this work. The main results for U BVRI JHK colors of highresolution SSPs are shown in Tables 1 and 2 . In each table, the contribution of PC1 to the total variance and the weight assigned to each input color are shown. As the results for colors of lowresolution SSPs are very similar to those of the high-resolution ones, we do not list them here. We do not show those for ugriz colors either, as their PCA results are similar. Tables 1 and 2 show the contribution of each PC1 for expressing the original information and correlations of colors to PC1, with a mainly descending order. Colors with big correlations are more important to age and metallicity than those with small correlations. In detail, U − K, U − H, U − J, B − K, B − H, U − I, B − J and V − K colors are shown to be more important than others to determine the ages and metallicities of stellar populations. In addition, most colors which are important to stellar metallicity are important to stellar age. Thus it is difficult to determine stellar age or metallicity via only a color. In other words, it is more appropriate to determine stellar age and metallicity of a population via a few colors. This result is in agreement with that of Chang et al. (2006) that optical colors of elliptical galaxies are sensitive to a combination of age, metallicity and α-enhancement.
As we want to find pairs of colors which are able to disentangle the age-metallicity degeneracy, we investigate the relative age and metallicity sensitivities of colors using a method similar to Worthey (1994) . A RMS is defined for each color to estimate how it is sensitive to age and metallicity. In detail, RMS is the ratio of percentage change of age to that of metallicity when they lead to the same change in a color respectively. According to the definition, colors with large RMSs (>1.0) are more sensitive to metallicity and those with small RMSs (<1.0) are more sensitive to stellar age. In this work, we do not fix the zero point (see Worthey 1994 for comparison). The main results are shown in Table 3 , in which the average RMSs of U BVRI JHK and ugriz colors are listed. The first and third columns show the results for colors of the high-resolution BC03 model and the second and fourth for the low-resolution model.
The results suggest that RMSs of colors in high-and lowresolution models are different, as we see in Table 3 . In the highresolution model B − K and B − V but for the low-resolution model it is U − K and R − I which are sensitive to stellar metallicity and age respectively. Moreover, u − g and r − i colors of the low-resolution model are found to be sensitive to stellar metallicity and age respectively but they show different sensitivities in the high-resolution model. As a whole, our result agrees well with previous works that the age-metallicity degeneracy can be disentangled by using optical and infrared colors together. One can refer to previous work of James et al. (2006) , in which J − K and B − K colors are used as the metallicity-and age-sensitive colors and the work of Peletier et al. (1990) , in which U − V, B − V and V − K are used to constrain the stellar populations of 12 galaxies.
How can colors disentangle the age-metallicity degeneracy
We plot some pairs of colors suggested by the above results to check their abilities for disentangling the stellar age-metallicity degeneracy and for constraining stellar populations, which can be seen in Figs. 1, 2 and 3. The three figures plot pairs of U BVRI JHK colors suggested for the high-and low-resolution models and ugriz colors for the low-resolution model, respectively.
In Fig. 1 , B − V and B − K, which are most likely to break the age-metallicity degeneracy via colors of the high-resolution BC03 model, are plotted. Solid and dashed lines represent constant age (isochrones) and constant metallicity, respectively. It seems that the two colors have some potential to distinguish stellar populations.
In Figs. 2 and 3 , the similar relations for colors of the lowresolution BC03 model, i.e. R − I versus U − K and r − i versus u−g are plotted. We noticed that the AB-system colors suggested for the high-resolution model seem unable to separate the effects of age and metallicity not shown here.
To compare with observation, we plot some observed galaxies in the B − V versus B − K plane and r − i versus u − g plane, which can be seen in Figs. 4 and 5. The first sample is selected from Michard (2005) , consisting of 53 elliptical galax- ies which have correct U BVRI JHK photometry supplied and the second one from the Sloan Digital Sky Survery Data Release Five (SDSS-DR5), consisting of 12901 galaxies with concentration index C ≥ 2.8, absolute r-band Petrosian magnitude M r ≤ -22, redshift 0.1 ≤ z < 0.25, r-band Petrosian magnitude 14.5 < r < 17.77 and with the best quality in "Photoz". The k-correction, Galactic extinction and differences between SDSS ugriz magnitudes and the AB-system are taken into account using the data supplied by SDSS, in a cosmology with Ω = 0.3, Λ =0.7 and H 0 = 70 km s −1 Mpc −1 . We see that some galaxies are out of the grids, which perhaps results from the limit of theoretical model and ongoing star formations. The detailed parameters of galaxies in the first sample are shown in Table 4 , in which best-fitted metallicities, ages and their associated uncertainties of galaxies are listed. The results show that stellar ages and metallicities of these galaxies can be disentangled using BC03, with average relative uncertainties of 0.26 and 0.13 in age and metallicity respectively. However, most of these galaxies are shown to be very young and richer than solar metallicity, which possibly results from minor star formations in them. In fact, recent star formations can change colors of a population significantly. Here we test the changes in Fig. 6 , via mixing a young stellar population (0.5 Gyr) into an old population (15 Gyr) with different per- per cent in mass to the total system respectively. As seen in Fig.  6 , a young stellar population, even if it contributes to the whole system by only 0.5 per cent, will change colors of the star system significantly, which makes the system look more metal rich and younger. This result is similar to that of line-strength indices of such systems (see e.g. Serra & Trager 2006) . Therefore, the presence of galaxies which are out of the grid maybe result from recent star formations, and the dominating stellar populations of our sample galaxies, which contribute most mass to these systems, are possibly older and less metal rich than that shown in Table 4 . Our work also show that if the young stellar population is older than about 1 Gyr and takes only a small percentage, the metallicities measured from B − K and B − V are similar to their dominating populations, while the derived ages bias to their younger populations (see Fig. 7 in more detail) . Thus the metallicities of our sample galaxies are credible and can be used for future studies. Table 4 . Stellar ages and metallicities of 53 elliptical galaxies and the associate uncertainties, fitted by BC03 using B − K and B − V colors. Fig. 6 , but for a composite system which includes a 15 Gyr stellar population and a 1 Gyr stellar population. Numbers from 0 to 3 means that the young population contributes 0, 0.5, 1.0 and 100 per cent in mass to the total system. for determining stellar populations via multi-color methods. The RMS results show that RMSs of colors in different SSP models are very different from each other, even for the same model with just two different resolutions. For the high-resolution model of BC03, B − K and B − V are found to be sensitive respectively to stellar metallicity and age and are possibly suitable for constraining populations. U − K and R − I should be used instead for the low-resolution model. In addition, u − g and r − i colors of the low-resolution model are shown to have the potential to constrain the stellar metallicity and age of populations. The results also show that it is better to use optical and infrared colors together for determining populations. However, if there are ongoing star formations, we will get smaller ages and richer metallicities than their dominating populations.
